Abstract. For one-component volatile fluids governed by dispersion forces an effective interface Hamiltonian, derived from a microscopic density functional theory, is used to study complete wetting of geometrically structured substrates. Also the long range of substrate potentials is explicitly taken into account. Four types of geometrical patterns are considered: i) one-dimensional periodic arrays of rectangular or parabolic grooves and ii) two-dimensional lattices of cylindrical or parabolic pits. We present numerical evidence that at the centers of the cavity regions the thicknesses of the adsorbed films obey precisely the same geometrical covariance relation, which has been recently reported for complete cone and wedge filling. However, this covariance does not hold for the laterally averaged wetting film thicknesses. For sufficiently deep cavities with vertical walls and close to liquid-gas phase coexistence in the bulk, the film thicknesses exhibit an effective planar scaling regime, which as a function of undersaturation is characterized by a power law with the common critical exponent −1/3 as for a flat substrate, but with the amplitude depending on the geometrical features.
Introduction
It is well known that a non-planar topography of a substrate modifies its wetting properties significantly. Accordingly, experimental studies of complete wetting on substrates patterned by a two-dimensional lattice of nanopits [1] , a one-dimensional array of wedges with finite depths [2] , and arrays of microscopic nonlinear cusps or of semicircular channels [3] demonstrate the strong influence of nanocavities on the adsorption behavior relative to that on flat substrates. Theoretical studies of adsorption in infinitely deep [4] generalized wedges [5, 6] predict that such substrates modify the wetting exponents describing the divergence of the wetting film thickness upon approaching liquid-gas coexistence. Although nanopatterning of surfaces may result in drastic changes of their wettability, recent theoretical studies have revealed surprising hidden symmetries, or so-called covariances, which relate local adsorption properties for various different substrate geometries.
An example of such a geometrical covariance relating wedge and cone complete filling has been reported in reference [7] . It has been shown that the equilibrium midpoint interfacial heights l (0) in a cone and a w edge obey the relation l
w (∆µ/2, α), where α is the substrate a e-mail: miko@fluids.mpi-stuttgart.mpg.de tilt angle and the undersaturation ∆µ ≥ 0 is the chemical potential deviation from bulk liquid-gas coexistence. This relation is valid for both leading-and next-to-leadingorder terms in the divergence of l (0) c,w as ∆µ → 0 + . In reference [8] we have demonstrated that complete wetting of substrates patterned by periodic arrays of grooves or quadratic lattices of pits (see Fig. 1 ) exhibits a geometrical covariance similar to the one described in reference [7] . Moreover, we have also identified a range of undersaturations, within which the midpoint interfacial height can be described by a single scaling function for all four types of substrate patterns. In this paper we extend the analysis of reference [8] , showing inter alia that, in addition to the midpoint interfacial height, other parts of the interfacial profile exhibit the aforementioned covariance relation, too, while the laterally averaged interfacial profile does not.
Our analysis is based on an effective interface Hamiltonian approach [9, 10] . This approach has already been applied earlier to study wetting phenomena in a single groove [11] , of a periodic array of grooves [12] , in a wedge [4, 13] , and also of chemically structured substrates [14, 15] 1  1  1  1 1   00  00  00 00  00  00  00 00  00  00  00  00 00   00  00  00 00  00  00  00 00   00  00   11  11  11 11  11  11  11 11  11  11  11  11 11   11  11  11 11  11  11  11 11   11  11   00  00  00  00  00  00  00  00  00 00  00  00  00  00  00  00  00  00 00  00  00  00 00  00   11  11  11  11  11  11  11  11  11 11  11  11  11  11  11  11  11  11 11  11  11  11 that the leading asymptotic behavior of the effective interface potential does not depend on the intrinsic structures of the emerging solid-liquid and liquid-gas interfaces and it is given by the so-called sharp-kink approximation for the density distribution (see Sect. 2) [10] . Therefore, this effective interface model is a reliable approach for complete wetting considered here, which probes the leading asymptotic behavior of the effective interface potential. We consider rectangular or parabolic grooves of width 2R and cylindrical or parabolic pits of radius R, both grooves and pits are of finite depth D, and are arranged in a regular pattern which is characterized by periodicity P . We also take into account the long range of both the substrate potential and the fluid-fluid interaction.
The temperature T is chosen to be above the wetting transition temperature T w of the unstructured planar substrate so that for ∆µ → 0 + complete wetting occurs. (Similar considerations hold for binary liquid mixtures upon approaching their demixing transition from the mixed phase.) As a function of decreasing undersaturation complete wetting of such substrates reveals four different scaling regimes [8] : filling, postfilling, effective planar, and planar, with the three crossover values between these four neighboring regimes denoted as ∆µ
Below we briefly describe all of them, providing also a short summary of the main results obtained. The aforementioned covariance relates the behavior of the midpoint wetting film thicknesses for all geometries and holds within an undersaturation range ∆µ e π ∆µ ∆µ p,g f il (R) (for ∆µ e π see below, the superscripts p, g refer to pits and grooves, respectively) which we call the postfilling scaling regime. In the case of cylindrical pits or rectangular grooves, for ∆µ ց ∆µ p,g f il (R) and for sufficiently large D/R, the analogue of capillary condensation occurs such that the pits or grooves are rapidly, but continuously, filled by the liquid. However, in the case of the parabolic pits and grooves, ∆µ p,g f il marks the crossover from the continuous power law filling for ∆µ > ∆µ p,g f il to the postfilling scaling regime. We find numerically for R/σ 50 (see Fig. 1 ), where σ is a molecular length scale, ∆µ p,g f il (R) ∝ R −1−δ with a small positive effective exponent δ, and ∆µ
If we denote the equilibrium interface height at the position of the symmetry axes of the cylindrical or parabolic pits as l (0) p , and in the middle of the rectangular or parabolic grooves as l (0) g , we obtain in the postfilling regime
( 1) and
where ε f is a molecular energy scale. Equation (2) expresses the same covariance relation as the one reported in reference [7] . The dimensionless scaling functions Λ p,g (x) of the postfilling regime do not depend on D or P , i.e., within this regime the midpoint interfacial heights increase upon decreasing undersaturation in the same way for an isolated cavity as for their arrays. For ∆µ < ∆µ e π the cavities are completely filled by the liquid and the equilibrium local interface heights l p,g (x, y) = l p,g become de facto independent of the lateral coordinates x ≡ (x, y). In the case of the rectangular grooves or cylindrical pits, ∆µ e π marks the crossover from the postfilling scaling regime to the effective planar scaling regime within which the wetting behavior of geometrically patterned substrates can be mapped onto that of layered, laterally homogeneous solids. The upper layer of those ersatz solids has a thickness D and its composition is related to the geometrical parameters R and P . This results in the following scaling relations for the effective planar scaling regime: l p,g (∆µ, R, P, D) = (Φ p,g ) 1 3 l π (∆µ),
where l π is the thickness of the adsorbed liquid film on the corresponding original non-structured planar substrate. Φ p and Φ g are the areal fractions of solids in the top layer, z = 0, of substrates with cylindrical pit and rectangular groove patterns, respectively. For D → 0 the width of the effective planar regime, i.e., the range of applicability of equation (3) vanishes. Finally, at ∆µ = ∆µ π ∝ D −3 with ∆µ π < ∆µ e π the systems cross over to the planar scaling regime, in which the geometrical patterns are irrelevant. In the case of the parabolic pits and grooves, we do not observe the effective planar scaling regime. There is rather an extended crossover region from the postfilling scaling regime to the planar one.
